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ABSTRACT 

As the second step in our investigation of the mass-to-hght ratio of spiral disks, we present the 
results of a spectroscopic survey of planetary nebulae (PNe) in five nearby, low- inclination galaxies: 
IC 342, M74 (NGC 628), M83 (NGC 5236), M94 (NGC 4736), and MlOl (NGC 5457). Using 50 
setups of the WIYN/Hydra and Blanco/Hydra spectrographs, and 25 observations with the Hobby- 
Eberly Telescope's Medium Resolution Spectrograph, we determine the radial velocities of 99, 102, 
162, 127, and 48 PNe, respectively, to a precision better than 15 km s~^. Although the main purpose 
of this data set is to facilitate dynamical mass measurements throughout the inner and outer disks of 
large spiral galaxies, our spectroscopy has other uses as well. Here, we co-add these spectra to show 
that to first order, the [O III] and Balmer line ratios of planetary nebulae vary little over the top 
~1.5 mag of the planetary nebula luminosity function. The only obvious spectral change occurs with 
[N II] , which increases in strength as one proceeds down the luminosity function. We also show that 
typical [O III]-bright planetaries have E{B — V)^ 0.2 of circumstellar extinction, and that this value 
is virtually independent of [O III] luminosity. We discuss the implications this has for understanding 
the population of PN progenitors. 

Subject headings: galaxies: individual (IC 342, NGC 628, NGC 5236, NGC 4736, NGC 5457) — 
galaxies: kinematics and dynamics — galaxies: spiral — planetary nebulae: general 



1. INTRODUCTION 

Planetary Nebulae (PNe) are dying low-mass (M < 
8Mq) stars whose ejected outer layers undergo ioniza- 
tion by the intense ra diation from their central cores 
(e.g. JKwok et al.ll2003f ). Their resulting spectra, which 
are dominated by the bright fines of [O III] AA4959, 5007 
and H/3 in the blue, and Ha and [N II] AA6548, 6584 in 
the red, are ideally suited for radial velocity programs. 
Moreover, because PNe are bright, plentiful, distinctive, 
and representative of an older stellar population, they 
are the objects of choice for a host of kinematic prob- 
lems, ranging fror n the measurement of dark matter in 
ellipt ical galaxies (jPouglas et al.l 120071 : Ide Lorcnz i et aT 



2008 ) to the study of galaxy interactions (Durre ll et al 
200alPeM"eraIll20?^ 

PNe have been heavily us ed to study the kine- 
matics of ear l y-typ e galaxies (jSluis fc Williamsl [20061 : 
ICoccato et al.l I2009L and references therein) but simi- 
lar studies in late-type spirals have been lacking, due 
mostly to the problems associated with PN identifica- 
tion. In star-forming systems, H II regions far out- 
number bright planetary nebulae, so unless one works 
in the Local Group where the contaminating objects 
can be spatially resolved (e.g., [CiarduUo et al, .20041 : 
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iMerrett et all l2006i). or in the halos of edge-on sys- 
tems (e.g.. lCiardullo et "aLlll991l : IJacobv et al.lll996D . ex- 
treme care is needed to discriminate between the two 
classes of objects. In fact, PN-based kinematic stud- 
ies have been performed in the disk s of only a few late- 
type systems: the SMC (4 4 objects: iDopita et al.l[l985il . 
the LMC (110 obje cts; iMeatheringham et all 119881: 



Vassifiadis et al.lll992[ ). M94 f6 7 obiects- lDouglas et all 



20001), M33 (140 objects ; CiardullQeLalJIaOOj) , and M31 



(>2000 objects; 'A/Ierrett et al. 2006^. 

In Paper I (Herrmann et al. 2008), we presented the 
results of narrow-band [O III] and Ha surveys for 
PNe in six nearby, low-inclination galaxies: IC 342, 
M74 (NGC 628), M83 (NGC 5236), M94 (NGC 4736), 
NGC 5068, and NGC 6946. Here, we present follow-up 
PN spectroscopy in the first four of these systems (each 
with >140 PNc), plus MlOl (N GC 5457), a galaxy wit h 
prior PN identifications from iFeldmeier et al.l ((l997l ). 
In §2 we describe our observations with the Hydra 
multi-fiber spectrographs of the WIYN and Blanco tele- 
scopes, and detail our supplemental observations with 
the Medium Resolution Spectrograph (MRS) of the 
Hobby-Eberly Telescope (HET)"*. In §3, we outline the 
reduction procedures required to extract measurable 
spectra from these instruments. We explore the precision 
of our radial velocities in §4 using a series of tests, includ- 
ing a analysis of spectra taken with different setups on 
different nights, and an external co mparison with the re - 
sults of counter-dispersed imaging (|Douglas et al.ll2000l) . 

* The Hobby-Eberly Telescope (HET) is a joint project of the 
University of Texas at Austin, the Pennsylvania State University, 
Stanford University, Ludwig-Maximillians-Universitat Miinchen, 
and Georg-August-Universitat Gottingen. The HET is named in 
honor of its principal benefactors, William P. Hobby and Robert 
E. Eberly. 
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TABLE 1 
Target Galaxies 











Distance'' 


Survey 






Galaxy 


Type 


Size'' 


(km s-i) 


(Mpc) 


Region 


RA. 


i 


IC 342 


Scd 


21.'4 


34 


3.5 ±0.3 


4.'8 


39° 


25° 


M74 


Sc 


lO.'S 


656 


8.6 ±0.3 


4.'8 


25° 


6.5° 


M83 


SBc 


12.'9 


516 


4.8 ±0.1 


18' 


46° 


24° 


M94 


Sab 


11.'2 


310 




5f8 


115° 


35° 


MlOl 


Scd 


28. '8 


241 


7.7 ±0.5 


8' 


35° 


17° 



P.A. and i Reference 



Newton fl980) 
Kamphuis & Bri^ (1992) 
Lundgrcn ct al. (2004) 
Mulder fc Combes (1996) 
Zaritskv et al. ( 1990) 



From Res'" From Paper I except for MlOl, which is from lFeldmeier et all II 19971) 



In §5, we describe our efforts to remove contaminating 
objects, such as H II regions and background emission 
galaxies, from our sample. In §6, we present our final PN 
velocities and uncertainties; these measurements serve as 
the basis of a ki nematic analysis of the systems' inner 
and outer disks (|Herrmann "etani2009allbl . (Paper III)). 
We also co-add the data to produce a series of "mean" 
spectra for our extragalactic planetaries, and explore the 
excitation of these spectra as a function of [O III] A5007 
absolute magnitude. Finally, in §7, we discuss the origins 
of our PN progenitors and test for population homogene- 
ity using circumstellar extinction. Our conclusions are in 



2. OBSERVATIONS 

In Paper I, we surveyed the PN populations of six large 
(r > 7'), nearby {D < 10 Mpc), low-inchnation {i < 35°) 
spiral galaxies with [O III] A5007 and Ha imaging. From 
this sample, four PN systems were deemed large enough 
for kinematic follow-up: those of IC 342, M74, M83, and 
M94. In addition, we also targeted the PN system of 
MlOl, a galaxy which had been previously surveyed by 
iFeldmeier et al.l ()1997l) . A description of these systems 
is given in Table [TJ 

Our goal was to obtain precise (< 15 km s~^) ve- 
locities for as many of our previously identified plane- 
tary nebula candidates as possible. To do this, we used 
the Hydra multi-fiber spectrographs on the WIYN and 
Blanco telescopes, supplemented with spectra from the 
Medium Resolution Spectrograph (MRS) of the Hobby- 
Eberly Telescope (HET). For the Hydra runs, our strat- 
egy was to maximize the number of PNe targeted, while 
minimizing our velocity errors, all under the constraint 
imposed by the fiber positioners (i.e., the requirement of 
keeping a minimum fiber separation of 37" on WIYN and 
25" on Blanco). To work around this constraint, which 
typically limited us to observing < 40 PNe per setup, we 
performed quick-look data reductions immediately after 
each observation. By assessing the quality of each spec- 
trum in real time, we rapidly identified those PNe need- 
ing additional data and gave them a higher priority in 
the next night's fiber assignments. In this way, we not 
only maximized the number of PNe with high-precision 
velocities, but also controlled the systematic errors as- 
sociated with observations through different fibers and 
different Hydra configurations. 

Our Hydra spectroscopy in the north was performed 
with the 3.5-m WIYN telescope at Kitt Peak during 6 
separate runs between March 2003 and November 2007. 
The first of these runs targeted the PNe of MlOl with 
2" red-sensitive fibers and a 600 lines mm~^ grating 



blazed at 10? 1 in first order, producing spectra between 
4500 and 7000 A, at a dispersion of 1.4 A pixel" ^ with 
^4.6 A (275 km s^^) resolution. Our subsequent obser- 
vations used the same fiber bundle, but with a new 740 
lines mm~^ Volume Phase Holographic (VPH) grating, 
designed to optimize throughput near 4990 A. These 
spectra covered the wavelength range from 4400 A to 
5500 A, with higher dispersion (0.5 A pixel""'^), improved 
resolution (1.4 A, or 84 km s~^) and, most importantly, 
greater efficiency. Each Hydra setup was observed for 3 
hours, typically using a series of four 45 min exposures. 

For our southern (M83) observations, we used the ver- 
sion of Hydra on the CTIO 4-m Blanco telescope, with 
an atmospheric dispersion corrector, 2" STU fibers, and 
a 632 lines mm~^ grating blazed at 10?8 in first order. 
This instrument yielded spectra with a resolution of 3.3 A 
(198 km s""'^) and a dispersion of 0.59 A pixel"""^ over the 
wavelength range between 4500 and 6900 A. Again each 
Hydra setup consisted of a series of 45 min exposures 
totalling 3 hours. However, because of the instrument's 
larger number of fibers (138 versus 86) and smaller min- 
imum fiber separation (25" versus 37"), and because our 
photometric survey of M83 encompassed a much wider 
field-of-view than those for our other galaxies, each setup 
was able to target ^70 PNe at once, rather than just ~40. 

Finally, to supplement our Hydra observations, we tar- 
geted some of the MlOl PNe with the Medium Resolu- 
tion Spectrograph of the queue-scheduled Hobby-Eberly 
Telescope. This dual-beam, bench-mounted instrument 
has a 79 lines mm~^ echelle grating, a 220 lines mm^^ 
cross-disperser, and a single 2" red-sensitive fiber which 
delivers data from 4400 to 6200 A in the blue, and 6300 
to 10,000 A in the red. Although this instrument could 
only target objects within 50" of an y < 17 offset star, 
the MRS' high dispersion (0.14 A pixel"^ with 1.1 A res- 
olution) coupled with the HET's large aperture produced 
precise velocities with relatively short (^20 min) expo- 
sures. A log of all our observations appears in Table [2] 

3. SPECTRAL REDUCTION 
3.1. Hydra spectra 
Our data w ere reduced using the routines of IRAF^ 



(|Valdesl[T99i) . To reduce the Hydra data, we began 
with the tasks within the ccdred package: the data were 
trimmed and bias-subtracted via ccdproc, the dome 
fiats (typically three per setup) were combined using 
f latcombine, and the comparison arcs (CuAr at WIYN 
and Penray HeNeArXe at Blanco) which bracketed the 

^ IRAF is distributed by NOAO, which are operated by AURA, 
Inc., under cooperative agreement with the NSF. 
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TABLE 2 
Observing Log 







Observing 


Telescope 


Number 


PNe 


Sky Fibers 


Exposure 


Sky 


Galaxy 




Dates 


& Grating 


of Setups 


per Setup 


per Setup 


Time (min) 


Conditions 


IC 342 


2006 


Nov 19-22 


WIYN/VPH 


5 


31-35 


6-7 


4 X 45 


phot 


IC 342 


2007 


Mar 13-18 


WIYN/VPH 


4 


31-34 


6-7 


4 X 45 


phot-spec 


IC 342 


2007 


Nov 10-12 


WIYN / VPH 


2 


35-36 


10 


4 X 45 


cloudy 


M74 


2006 


Oct 13 


WIYN/VPH 


1 


31 


5 


4 X 45 


cloudy 


M74 


2006 


Nov 19-22 


WIYN/VPH 


7 


26-32 


5-9 


4 X 45 


phot 


M74 


2007 


Nov 10-12 


WIYN/VPH 


6 


29-32 


9-11 


4 X 45 


cloudy 


M83 


2005 


May 30-Jun 2 


Blanco/632@10.8 


8 


66-73 


10-50 


4 X 45 


phot 


M94 


2006 


Mar 2-5 


WIYN/VPH 


5 


25-28 


5-6 


4 X 45 


phot-spec 


M94 


2007 


Mar 13-18 


WIYN/VPH 


6 


27-29 


5-7 


4 X 45 


phot-spec 


MlOl 


2003 


Mar 24-25 


WIYN/600@10.1 


4 


31-35 


12-23 


6 X 30 


phot-spec 


MlOl 


2005 


Mar - 2006 Mar 


HET/MRS 


25 


1 





15 - 35 


phot-spec 


MlOl 


2006 


Mar 2-5 


WIYN/VPH 


2 


34 


4-5 


4 X 45 


phot-spec 



target exposures were combined via imcombine. Next, 
dohydra within the hydra package was used to reduce 
the spectra, with the averaged dome flats serving to de- 
fine the extraction apertures, and the averaged compar- 
ison arcs providing the wavelength calibration to a pre- 
cision better than 0.03 A for WIYN+600@10.1, 0.02 A 
for Blanco, and 0.013 A for WIYN+VPH. Finally, the 
individual spectra were re-samplcd onto a log wavelength 
scale to facilitate the co-addition of data taken at differ- 
ent times of the year. 

We note that the wavelength calibration of the CTIO 
data required some extra attention. The Penray lamp's 
emission lines in the blue are ~3 orders of magnitude 
weaker than its lines in the red. Since very short and 
very long comparison arcs were only taken on the first 
night of the run, we used a spliced version of the arcs (i.e., 
with a long exposure in the blue and a short exposure 
in the red) as the master comparison for all four nights' 
data. To check for possible setup-to-setup variations, the 
inferred wavelengths of five strong, well-defined emission 
lines (Xe I A4671, He I A5016, Ne I A5401, Ne I A6533, 
and Ne I A6599) on each individual exposure were com- 
pared to their wavelengths on the master arc. For the 
first 6 setups of the run, this test showed no significant 
variations other than small zero point shifts. However, 
for our last night's observations, the wavelengths of Ne I 
A6533 and Ne I A6599 were offset ^10 km to the blue 
with respect to the other lines. To correct for this shift, 
the Ha velocities measured from the last two setups were 
incremented by this small amount. 

After extracting each spectrum, the PNe were sky 
subtracted using data acquired through several blank- 
field fibers. For the WIYN-fVPH spectra, this step 
was straightforward: since no bright sky lines fell within 
the wavelength range of the instrument, we simply used 
scombine to combine the extracted spectra from the mul- 
tiple exposures and skysub for the subtraction. For the 
WIYN-f 60001 0.1 and Blanco spectra, which had wider 
wavelength coverage, we used scombine as before, then 
used skytweak to align the spectra before subtracting. 
We note our observations were all taken during dark time 
and that no bright sky lines exist near any of the emis- 
sion features of interest. Consequently, the details of this 
step do not effect our final results. 



Finally, each PN spectrum was shifted into the 
barycentric rest frame using the IRAF task dopcor. 
These velocity corrections were especially important for 
IC 342, a /3 = 46° object whose data were collected at dif- 
ferent times of the year, but all our spectra were shifted, 
even if the correction was less than 1 km s~^. Once in 
the barycentric frame, the data from the multiple setups 
were co-added to create a final summed spectrum for 
each PN. 

3.2. MRS spectra 

Our echelle data from the Hobby-Eberly Telescope's 
Medium Resolution Spectrograph were reduced using an 
automated pipeline designed by K.A.H. to take advan- 
tage of the instrument's long-term stability. First, the 
data from the blue and red sides of the spectrograph 
were trimmed and bias-subtracted with ccdproc. Next, 
as with Hydra, the spectra were extracted and flatfielded 
using the night's dome flats, and wavelength calibrated 
using ThAr comparison arcs. We note that the latter step 
was usually performed via the echelle task ecreidentif y 
and an initial wavelength solution stored in the pipeline's 
database. (The existence of this database also allowed us 
to test for time-dependent systematic errors in the wave- 
length calibration.) Finally, the spectra were re-sampled 
onto a log-wavelength scale, shifted into the barycentric 
frame, and almost always co-added with spectra taken 
with WIYN-|-Hydra. No sky subtraction was performed 
on these single-fiber observations. Again, since the data 
were taken during dark time and our targeted spectral 
features are far from any sky line, this omission in no 
way changed our results. 

4. MEASURING VELOCITIES AND UNCERTAINTIES 

Figure [T] gives sample spectra from each of our instru- 
ment configurations and illustrates the varying quality 
of our data. Although a number of lines are present, the 
brightest feature, by far, is always the 5007 A emission 
from doubly-ionized oxygen. We therefore determined 
our PN velocities (and velocity uncertainties) solely from 
this line, via the line-fitti ng routines of ems ao within 
IRAF's rvsao package (|Kurtz fc Mink! 119981. Weaker 
lines, such as [O III] A4959, Ha, and H/3 were also mea- 
sured, but since the precision of our line centroiding went 
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Fig. 1. — Sample spectra from each of our four instrumental 
configurations in the wavelength range between 4850 and 5050 A. 
Included are three spectra from the Blanco telescope, illustrat- 
ing the relationship between data quality and velocity uncertainty 
(Ad). Note that virtually all velocity information is contained in 
the [O III] A5007; the flux in [O III] A4959 is --3 times weaker, 
and H/3 is barely visible. 

almost linearly with counts, these additional features did 
not significantly improve the accuracy of our measure- 
ments. They were, however, useful for exploring the sys- 
tematics of the PN population (see §7). 

In order to use PNe as kinematic probes in Paper III, 
it is imperative that the uncertainty associated with each 
velocity measurement be known. To investigate this 
number, we began with a straightforward internal con- 
sistency check. Since most of our spectra were acquired 
using a sequence of four 45-minute exposures, we simply 
divided the datasets in two and compared the velocities 
found from the co-addition of the first two exposures with 
those derived from the co-addition of the last two frames. 
Obviously, since each spectral subset contained only half 
the signal of the whole, only the brightest PNe could be 
analyzed in this way. Consequently we restricted this 
analysis to the PNe of JVI83 and M94. Moreover, since 
the combination of two exposures was not always suffi- 
cient for eliminating cosmic ray hits, a number of objects 
were found to have wildly discrepant results. Neverthe- 
less, this comparison demonstrated that any systematic 
drift over the 3 hr period of observation was minimal. 
An analysis of the 119 PN observations in M94 showed 
just random scatter and in 108 of the cases, the two mea- 
surements were within the 1 a internal uncertainty. Sim- 
ilarly, our comparison of 314 PN velocity pairs in M83 
yielded only 63 objects with more than 1 a errors, and 
again, found no evidence for any time-dependent veloc- 
ity shift. Not only does this confirm the validity of our 3 



hour co-additions, but it also suggests that the internal 
uncertainties returned by emsao are reasonable. 

We next tested our data for systematic errors asso- 
ciated with the independent fiber setups. To do this, 
we took advantage of the fact that many of our PNe 
were targeted multiple times using different fibers and 
different wavelength calibrations. We began by intercom- 
paring all our PN spectra, and identifying those objects 
whose [O III] line fiux differed drastically from one setup 
to the next. In these cases, where co-addition would have 
only degraded the signal, the lower signal-to-noise obser- 
vation was dropped from the analysis. We then com- 
bined the data to create a single, summed spectrum for 
each planetary, and with the aid of emsao, we measured 
each object's velocity and velocity uncertainty. Next, we 
compared these summed velocities to the velocities found 
with the spectra of the individual fiber-setups. By com- 
bining the results from all the planetaries observed using 
multiple setups, we were able to infer the mean velocity 
offset of each fiber configuration. 

The results from this analysis are given in Table [31 
As can be seen, there is scant evidence of any system- 
atic velocity shift associated with the individual setups. 
Of the 51 configurations used in this program (where 
we group all the MlOl MRS spectra as being in the 
galaxy's Setup 7), over half have offsets within one stan- 
dard deviation of the mean, and ~80% have offsets that 
agree to within 2 a. This means that, at most, the sys- 
tematic error associated with each individual setup is 
^1.6 km s~^. (Such an error would increase the num- 
ber of 2 CT agreements to 96%, the number appropri- 
ate for a Gaussian distribution.) In addition, in only 
four cases is the amplitude of the systematic shift ob- 
served to be greater than 5 km s~^: Setup 9 in IC 342 
(-t-9.2±4.3kms-i). Setup 2 in M83 (-f5.3±2.0km s'^), 
Setup 1 in MlOl (+6.1 ± 2.4 km s^^), and Setup 5 in 
MlOl (-1-8.2 ± 4.0 km s^^). In none of these cases does 
the offset even approach 3 cr; this consistency again con- 
firms that any systematic shift between individual fiber 
setups is minimal. An illustration of our measurement 
stability is shown in Figure [2l where the velocities and 
velocity uncertainties of several of the most observed PNe 
are plotted. 

Since the systematic errors in our velocity measure- 
ments are minimal, we can use our data to test whether 
the internal errors computed by emsao represent the true 
uncertainties of our measurements. To do this, we per- 
formed a pairwise comparison of all the PNe observed 
with multiple setups, using the statistic 



In the equation, Vi and Vj represent the independent ve- 
locity measurements, ai and aj are their internal uncer- 
tainties (i.e., 0.85 times the half-width half-max errors 
reported by emsao), and the sum is taken over all obser- 
vations performed with a similar spectrograph-|-grating 
configuration. 

This statistic confirms that the errors produced by 
emsao do indeed represent our true measurement scat- 
ter. For the Blanco-|-632@10.8 data in M83, our pair- 
wise comparison of 482 independent PN measurements 
yields a reduced value of 0.96 for 444 degrees of 
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TABLE 3 

Mean Velocity Offsets Between Setups 



Setup 


N 


IC 342 

(v) 


{V) 


N 


M74 

(v) 




N 


M83 

(v) 


\V) 


N 


M94 

(v) 




N 


MlOl 

(d> 


[V) 


1 


16 


1.4 


2.7 


17 


-1.0 


1.5 


65 


3.0 


0.8 


14 


-2.4 


1.5 


20 


6.1 


2.4 


2 


20 


-1.0 


2.8 


18 


4.2 


1.4 


44 


5.3 


2.0 


14 


3.3 


2.3 


21 


1.0 


2.5 


3 


13 


1.2 


3.8 


11 


0.8 


2.4 


51 


1.1 


1.2 


14 


2.7 


1.6 


22 


-4.6 


4.1 


4 


16 


-4.3 


2.8 


15 


-2.6 


2.6 


56 


-4.1 


1.4 


21 


0.4 


1.1 


24 


2.1 


2.4 


5 


20 


1.1 


0.9 


19 


-3.3 


3.1 


57 


0.7 


1.2 


19 


0.6 


0.9 


15 


8.2 


4.0 


6 


14 


0.7 


1.6 


14 


-2.4 


1.5 


66 


-3.5 


0.8 


14 


-1.4 


4.0 


22 


2.2 


3.2 


7 


9 


0.1 


3.7 


9 


3.9 


4.0 


50 


-0.4 


0.8 


13 


-4.0 


1.8 


18 


3.4 


1.8 


8 


8 


-4.0 


3.7 


18 


-0.6 


1.2 


52 


1.7 


0.6 


17 


0.2 


0.8 








9 


10 


9.2 


4.3 


8 


-1.4 


2.9 








15 


4.7 


2.0 








10 


12 


2.7 


2.5 


13 


-0.3 


1.4 








15 


0.1 


0.7 








11 


14 


1.9 


3.4 


12 


-4.0 


4.3 








18 


-0.9 


1.1 








12 








15 


0.3 


2.6 




















13 








6 


-0.8 


4.5 




















14 








8 


0.7 


2.6 
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Fig. 2. Velocities of objects observed multiple times as a function of setup number. The dashed line indicates the final velocity derived 
from the summation of all exposures; the dotted lines on cither side of this mean indicate the 1 cr uncertainty of the final value. Note the 
generally good agreement: measurements that are discrepant usually have large uncertainties. M94's setup 6 was affected by clouds, which 
explains its significantly larger error bars. 
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freedom. This is well within the 90% confidence range 
of 0.89 < < l-ll- Similarly, our dataset of 670 
WIYN+VPH velocities for the PNe of IC 342, M74, and 
M94 produce — 0.89 for 503 degrees of freedom. This 
low value, which is just outside the 90% confidence in- 
terval 0.90 < < 1-11, suggests that, if anything, the 
uncertainties given by emsao are overestimates. Only 
in MlOl, where we combined Hydra and MRS data, did 
emsao underestimate the velocity errors, giving a reduced 
= 1.44. For these data, we must increase the quoted 
errors by ~15% to make the internal and external errors 
consistent. 

4.1. An External Test in M94 

We can perform one more test of our spectroscopy by 
taki ng advantage o f exist ing FN data in M94. A decade 
ago, iDouglas et al.l ()2000l ) measured 67 emission-line ve- 
locities using a dual-beam, "counter-dispersed imaging" 
spectrograph, designed to create Ha images with one 
arm, and obtain radial velocities via [O III] A5007 slitless 
spectroscopy with the other. These authors surveyed two 
fields in the galaxy, one along the major axis, and one 
on the minor axis, and measured 53 and 14 FN candi- 
dates, respectively. Their quoted error on these velocities 
is ~10 km s^^. 

In Paper I, we compared th e photometric propert ies of 
our FNe to those derived by IDouglas et al.l ()2000( ) and 
found generally good agreement, with 44 objects com- 
mon to both datasets. We now have spectra for 37 of 
these planetaries: 31 along the major-axis, and 6 from 
the minor-axis field. In both cases, the velocity differ- 
ence between the two samples is close to that expected: 
for the major axis sample, a = 10.2 km s~^, while the six 
objects on the minor axis have a — 14.6 km s~^. This 
again implies that our velocity errors are less than our 
targeted goal of 15 km s~^. There is a zero point shift 
between the two fields, with our velocities being system- 
atically lower by 45.9 ± 1.8 km s~^ along the major axis, 
and higher by 45.3 ± 5.9 km near the minor axis. 
Ho wever, this offset is lik ely due to a zero-point drift in 
the IDouglas et al.l (|2000f ) observations, since, as the au- 
thors point out, their prototype instrument had flexure 
problems at the telescope. This introduced a significant 
error into their absolute velocity scale, although it did 
not affect the measurement of relative motions. Thus, 
the data provide an additional, independent confirma- 
tion of our velocities and velocity uncertainties. As men- 
tioned above, such knowledge is critical for the kinematic 
study of Paper HI. 

5. IDENTIFYING CONTAMINANTS 

5.1. H II Regions 

ICiardullo et al.l (j2002[ ) have shown that the ratio of 
[O III] A5007 to Ha is an excellent tool for discrimi- 
nating FNe from H II regions. When the ratio R = 
/(A5007)o//(Ha-H[N II] )o is plotted against absolute 
[O III] magnitude (where the apparent [O III] magni- 
tude is given by msoo? — — 2.5 logi^soo? — 13.74), true 
PNe occupy a wedge, which is empirically fit by 

4 > logi? > -0.37Af5oo7 - 1.16. (2) 

Practically speaking, this means that PNe in the top 
~1.5 mag of the [O III] planetary nebula luminosity 



function always have [O III] A5007 brighter than Ha. 
This contrasts with the line ratios of the vast majority 
of H II regions, which have H a as th eir dominant emis- 
sion feature (e.g. , |Shaver et~a l. 1983; Kniazev et al.ll2005t 
iPefia e t al. 2007). 

Though the photometric survey of Paper I has already 
eliminated most compact H II regions from our list of 
FN candidates, it is possible that a few such objects 
slipped through due to uncertain photometry. More im- 
portantly, errors in the Hydra positioner can cause fibers 
to miss their intended PNe and instead fall on nearby 
star- forming regions or supernova remnants. Finally, be- 
cause all five of our galaxies have a high star-formation 
rate, diffuse line emission from interstellar material is 
ubiquitous and often comparable in brightness to the 
lines of the target PNe. Thus each spectrum must be 
examined, to make sure that the observed line ratios 
are consistent with those expected from an [O III] -bright 
planetary nebula. 

To derive these ratios, we needed to obtain an approx- 
imate flux calibration for our flber spectra. Speciflcally, 
we needed to estimate the spectral efficiency around Ha 
relative to that at 5007 A. This was done in a number of 
ways. For the M83 data, which extends from 4500 A 
to 7000 A, the process was straightforward: we used 
the [O III] and Ha-|-[N II] photometry of Paper I to de- 
rive the expected response between the red and the blue 
(-Fphot) in the case of uniform efficiency. We then exam- 
ined plots of the observed spectroscopic flux ratio, Fgpec, 
and the photometric to spectroscopic ratio, i^phot/^spcc, 
as a function of -Fphot- The former plot revealed a clear 
linear trend plus some outliers; the latter showed that for 
most objects, Fphot/^spec ~ 2. This factor was then ap- 
phed globally to the spectra. The outlying objects whose 
imcorrected spectroscopic [O III] to Ha ratio was more 
than a factor of three lower than their photometric value 
were flagged as possible contaminants. 

A similar criterion was used for those MlOl PNe mea- 
sured with the WIYN-|-600@10.1 instrument conflgura- 
tion, except in this case, no quantitative Ha photometry 
was available. We therefore had to estimate the efficiency 
of the instrument from archival data. Five months prior 
to our observations, 140 of M33's PNe were observed 
with WIYN using the s ame grating and instru ment con- 
figuration as for MlOl (jCiardullo et al.l|2004[ ). Like the 
M83 planetaries, these PNe also have photometric mea- 
surements at Ha and [O III] A5007. Consequently, by 
comparing the photometric and spectroscopic line ratios 
of PNe in M33, we were able to estimate the response ra- 
tio needed to test for contamination in the MlOl dataset. 
Obviously, this procedure was not as robust as that for 
M83: not only did it rely on observations taken during 
a different observing run, but, unlike the M83 data, the 
MlOl (and M33) FN observations were performed with- 
out an atmospheric dispersion corrector. Nevertheless, 
since we were using the data only to exclude the most 
obvious of interlopers, our conservative rejection crite- 
rion should still be valid. 

For the remaining WIYN observations, our spectra did 
not extend far enough into the red to record Ha. For 
these objects, we used H/3 as a surrogate. First, we ana- 
lyzed Hydra observations of a standard star to estimate 
the throughput of [O III] A5007 relative to nearby H/3. 
As expected, the data indicated that there was only a 
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Fig. 3. — Two examples of a PN spectrum corrected for con- 
tamination from a low-excitation object. In botfi cases, tfie [O III] 
lines are initially double-peaked; after the velocity of H/3 is used 
to subtract the field emission, the line profiles become consistent 
with that of the instrument's point spread function. 

slight (^8%) decrease in efficiency between these two 
wavelengths. This value (which was close to the ~5% 
drop expected from the grating's advertised blaze func- 
tion), was then used to derive the true [O III]-H/3 ra- 
tio of each object. We then scaled our H/3 values to 
Ha, using an estimate of t he foreground Gal a ctic ex tinc- 
tion (jSchlegel et al.lll998^ ■ a ICardem efaH (|1989l ) red- 
dening law with Ay = 3.1, and an expe cted Case B Ha 
to H/3 ratio of 2.86 (lBrocklehurstlll971[ ). Again, objects 
with /(A5007)//(Ha) inconsistent with equation ((2]) were 
tagged as possible contaminants. 

We note that this last analysis has two limitations. 
The first is that it does not account for the contribution 
of [N II] AA6548, 6584 to the photometrically defined ra- 
tio of equation For most P Ne, this is not a s erious 
omission: an examination of the ICiarduUo et al.l ()2004l ) 
sample of M33 PNe shows that [N II] can safely be ne- 
glected in --85% of objects. Moreover, in IC 342, M74, 
and M94, the stronger [N II] emission line at A6584 was 
redshifted onto the tail of our Ha interference filter, and 
was thus suppressed by ^55%, ^88% and ~79%, respec- 
tively. Consequently, even when [N II] was strong, it was 
not contributing much flux to our Ha photometry. A 
more important problem is that by scaling the H/3 flux 
by 2.86, we are neglecting the contributions of internal 
galactic and circumstellar extinction, which can greatly 
increase this value. We will consider this effect in §7; 
for now, we will accept the fact that our extrapolation 
may have a systematic error which would cause us to 
overestimate a PN's [O III] /Ha ratio. 

After examining the PN spectra, we found that ~15% 
of our targets had line ratios which suggested contami- 
nation by a low-excitation object. In over half of these 
cases, the velocity derived from the Balmer lines was 
indistinguishable from that found from [O III] A5007. 
However, in 42 out of the 97 objects, the lines were 
kinematically different, suggesting flux from two differ- 



ent sources. In these spectra, [O III] A5007 was either 
double-peaked, or had a profile significantly broader than 
the spectral point-spread-function. When this occurred, 
we attempted to subtract off the low-excitation compo- 
nent using the velocity of H/3 (or Ha) as a guide. In 
25 cases, we were successful in isolating the PN's emis- 
sion from that of the contaminating source, and could 
return the object to the kinematic sample. (See Figure[3] 
for two examples of these subtractions.) In the other 
17 cases, (which involved the lower resolution M83 and 
MlOl data), we noted the blend, but could not decon- 
volve the velocities. 

Finally, after identifying the possible contaminants, we 
revisited their positions on the [O III] A5007 and Ha im- 
ages of Paper I. For most of the objects, the targeted PN 
did have a bright, low-excitation source nearby; in these 
cases, we simply excluded the source from our kinematic 
sample. In a few cases where the PN was clearly isolated, 
we re-examined the line fluxes and line proflles to deter- 
mine the source of the discrepancy. If we concluded that 
the recorded spectrum could, indeed, have come from 
the planetary, we re-classified the object as a PN, and 
included it in our analysis. 

5.2. High Redshift Galaxies 

A second possible source of contamination is high red- 
shift galaxies. At z ^ 3.12, starbursting galaxies have 
their Lya emission redshifted into the bandpass of our 
[O III] filter, and because their observer-frame equivalent 
widths can be exceedingly large, these objects can eas- 
ily be confused with planetaries (jArnaboldi et al.l [20021 : 
iFeldmeier et al.ll200l l. The hmited depth of our sur- 
vey prevent s us from detec t ing rn any of these objects: 
according to lGronwall et al.l ()2007[ ). the luminosity func- 
tion of z ~ 3.1 Lya e mitters (LAEs) i n the emission 
line takes the form of a ISchechteil ()1976l ) function with 
mgQQY ~ 26.9. Since this cutoff is well below the hmiting 
magnitude of our photometric surveys (see Paper I) , we 
would not expect to find many LAEs in our sample. 

Still, it is possible for some extremely bri ght LAEs 
to ma squerade as PNe. If we extrapolat e the ISchechteil 
(|1976D function of iGronwall et al.l (|2007[ ) to the hmiting 
magnitude of each survey, then we should expect to find 
-0.2 LAEs in the field of MIDI, -0.5 LAEs near M74, 
and —0.8 LAEs in the wide-field Mosaic frame covering 
M83. (LAEs in the fields of MM and IC 342 are exceed- 
ingly unlikely, —2x10^'' and 4x10^'', respectively). In 
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Fig. 4. — Spectrum of a 2 = 3.12 Lyo emitting galaxy in the field 
of M83, compared to that of a normal planetary of similar bright- 
ness. Note the absence of [O III] A4959 and the broad, asymmetric 
line profile. No other lines are present in the spectrum. The object 
is among the brightest Lya galaxies yet discovered. 
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fact, one LAE was detected in our survey. The object is 
in the field of M83 (a(2000) = 13''38™09.26", 5(2000) = 
— 29°38'31.5") and is easily recognizable via its strong, 
asymmetric line profile (centered at 5006.8 A), its non- 
negligible velocity width (^^400 km s^^ full- width- half- 
maximum), and an absence of any accompanying emis- 
sion at the wavelengths of [O III] A4959 or H/3. The 
object cannot be a background source at z ^ 0.34, 
since redshifted H/3 is not present at ~6530 A, and 
the object's photometrically inferred equivalent width 
(^600 A) is much large r than that of a typical [O II] 
galaxy (|Hogg et al.lll998 l). Its line profile and line width 
are, however, consistent with t hose observed for o ther 
high-redshift Lya emitters fe.g., iDawson et aLll2007[) . 

Interestingly, the bright apparent magnitude of our 
Lya emitter (tosoo? ~ 25.15, or logFsooy = —15.556) 
makes it one of the most luminous z ^ 3.1 LAEs 
ever observed, with a total emission-line luminosity of 
~2.3xl0*^ er gs s~^. Most similarly bright LAEs har - 
bor an AGN ICronwall et al.l [20071 : lOuchi et al.ll200l . 
but in this object, C IV A1550 is not seen, nor is there 
any evidence for a broad line component to Lya. If 
the source is indeed powered solely by star-formation , 
the n the Case B-b ased relations of iKennicutil ()1998f ) 
and lHu et al.l ()1998[ ) imply a total star- formation rate of 
> 20 Mq yr~^. This value is larg er than any of the rates 
derived bv lGronwall et ahl ()2007 ) for a sample of LAEs in 
the Extended Chandra Deep Field South, and is compa- 
rable to that asso ciated w i th the brightest z ~ 3.1 LAEs 
identified bv [Ouchi et all ()2008D . Figure H displays the 
emission-line profile of this object. 

6. FINAL PN VELOCITIES 

In measuring our velocities, we have relied solely on the 
wavelength of the extremely strong [O III] A5007 emis- 
sion line and have ignored the information contained in 
the weaker lines of [O III] A4959, Ha, H/3, and [N II] 
AA6548,6584. With our final PN velocities secured, we 
could check this decision. To do this, we began by select- 
ing all those PNe with non-contaminated, well-measured 
{(Jv < 15 km s~^) emission lines. We then shifted these 



spectra into the rest frame, and co-added the data, to cre- 
ate a single high signal-to-noise template for each tele- 
scope-|-spectrograph configuration. This template was 
then cross-correlated against the individual PN spectra 
using the xcsao task of rvsao to derive an alternate mea- 
sure of velocity. 

Figure [5] illustrates the validity of this approach. In 
the figure, we display a sample of co-added spectra us- 
ing the Blanco+632@10.8 observations in M83 and the 
WIYN+VPH data in 1VI94. To illustrate the consistency 
of the spectra, both dataset s have been correcte d for 
Galactic extinction (using the ICardelli et al.l (|1989D red- 
dening law) and broken down by absolute [O III] A5007 
magnitude (using 0.5 mag bins and the galactic distances 
of Paper I) and excitation (with [O III] /Ha i? = 2 as the 
dividing line). As expected, the weaker Balmer and [N II] 
lines are no wider than those of [O III], demonstrating 
that our emsao velocities are reasonably precise. IVIore 
importantly, the mean PN spectra appear remarkably 
similar from one magnitude range to the next. In M83, 
the only observable change involves the strength of [N II] , 
which increases in importance as one proceeds down the 
luminosity function. In the higher resolution 1VI94 data, 
the strength of H/3 appears anomalously bright in the 
faintest, high-excitation bin, but this may simply be a 
stochastic result. Overall, the principal bright lines of 
our observed PNe are remarkably consistent across the 
entire range of our data, justifying the use of a single 
template spectrum for our analysis. 

A comparison of the results reveals that while the 
emsao and xcsao velocities always agree, the formal er- 
rors produced by the first package are almost always 
smaller than those quoted by the latter. Rather than im- 
proving our velocities, it appears that by including the 
spectral regions surrounding the weaker lines, we add in 
more noise than signal. Since we know from our analysis 
of variance (see section §4) that the uncertainties quoted 
by emsao are accurate, the use of the simpler routine is 
fully justified. 

Table m gives our final list of PNe, including their po- 
sitions, [O III] A5007 magnitudes, values of R (corrected 
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TABLE 4 
Planetary Nebula Identifications 



ID 


ri,C2nnn~) 


AC20on~) 


'"-SOOT 






Tvnp'' 


^ ' trg 




(km s J 


(km s~-^) 


Notes 


IC 342-1 


03:46:54.99 


+68:06:39.1 


25.26 


3.18 


0.76 


Phot 


3 


3 


73.7 


4.3 




IC 342-165 


03:47:04.81 


+68:04:31.6 


27.67 


0.68 


0.35 


Phot 


3 











M74-1 


01:36:39.95 


+15:47:02.5 


25.44 


3.09 




Spec 


4 


4 


657.3 


4.2 




M74-153 


01:36:57.04 


+15:46:48.2 


27.55 


> 0.52 




Phot 














M83-1 


13:37:00.99 


-29:57:31.8 


24.24 


2.39 


0.23 


Phot 


2 


2 


586.9 


2.5 




M83-241 


13:37:21.58 


-29:58:37.3 


27.15 


> 0.60 




Phot 














M94-1 


12:50:52.17 


+41:08:36.2 


23.86 


2.78 


0.16 


Phot 


1 


1 


317.4 


2.0 


D 


M94-150 


12:50:52.03 


+41:11:22.5 


26.21 


0.99 


0.38 


Phot 


3 


3 


377.4 


5.8 


D 


MlOl-1 


14:02:40.57 


+54:13:56.3 


24.97 








4 


4 


140.7 


4.2 


C 


MlOl-65 


14:03:05.94 


+54:25:37.2 


26.43 








2 


1 


221.9 


12.6 





Note. — C: Emission line is a blend of multiple components, dominated by a low-excitation contaminant; D: PN first measured 
by iDouglas et al.| ( |2000| ): H: Spectrum likely that of a nearby H II region; P: Emission line is a blend of multiple components, 
dominated by the planetary; S: Emission line is a blend, with the velocity obtained by subtracting off the low excitation component; 
U: Not part of our analysis, with > 15 km s~^; X: Velocity and uncertainty derived from xcsao. Table 4 is published in its 
entirety in the electronic edition of the Astrophysical Journal. A portion is shown here for guidance regarding its form and content. 
^ i? ^ /(A5007)o//(Ha+[N II])o^ Type of R value given'^ Number of Hydra+MRS setups in which PN was targeted*^ Number of 
Hydra+MRS setups in which PN was detected 



TABLE 5 
Number of PNe Targeted 



Galaxy 


Photometric 
Sample 


Not 
Targeted 


Not 
Detected 


Probable 
Contaminant 


Number of Detections 
Ar = i N = 2 N >2 


Total 
(Ti, < 15 km 


IC 342 


165 


29 


30 


3 


48 


32 


23 


99 


M74 


153 


28 


13 


7 


43 


39 


23 


102 


M83 


241 


25 


12 


31 


36 


66 


71 


162 


M94 


150 


13 


7 


2 


68 


32 


28 


127 


MlOl 


65 


1 


1 


12 


13 


13 


25 


48 


Total 


774 


96 


63 


55 


208 


182 


170 


538 



for foreground Galactic extinction), velocities, and veloc- 
ity uncertainties. Unless otherwise noted, these velocities 
and their errors come from emsao. Out of the 774 PNe 
detected photometrically, 70% were measured to a radial 
velocity accuracy better than 15 km s~^. Of the remain- 
ing objects, 96 were not targeted for spectroscopy, either 
due to fiber-positioning constraints or the apparent faint- 
ness of the [O III] A5007 line. Only 63 PNe were observed 
but not detected, with most of these having magnitudes 
well down the planetary nebula luminosity function. Ta- 
ble [5] summarizes our results. Tables |6] and [7] give the 
positions and photometric properties of PNe in galax- 
ies which were observed in Paper I, but not selected for 
spectroscopic follow-up. 

7. PNE AND CIRCUMSTELLAR EXTINCTION 

In Paper III, we will use our planetary nebula velocities 
to probe the velocity dispersion and disk mass distribu- 
tion of galactic disks. Ideally, it would be helpful to cou- 
ple this kinematic data with detailed information about 
the population of PN progenitors. Unfortunately, this is 
not easy to do. Just because stars with initial masses 
between ^IMq and ^5Mq are expected to evolve into 
planetary nebulae, that does not mean that all interme- 
diate mass stars contribute equally to the bright end of 
the plan etary nebu l a lurn inosi ty function. If the m od- 
els by M arigo et ahl ()2004D and lMendez et al.l (|2008D are 
correct, then the bright-end of the planetary nebula lu- 
minosity function is dominated by objects from relatively 
massive (~2Mq), relatively young (~1 Gyr) progenitors. 



On the other hand, a number of recent analyses sug- 
gest that most [O III]-bright planetaries are not formed 
from single stars at all. Alternate scenarios, involving 
common-envelope i nteractions (J Frank et aL, i2007i) , blue 
straggler evolution (jCiardullo et al. 2005), a nd eve n ion- 
ization from accreting white dwarfs (,Sokeil [20061 ) have 
all been used to explain the PN phenomenon. Thus, at 
present, it is impossible to say anything definitive about 
the progenitors of our kinematic test particles. 

We can, however, combine our spectroscopic line ra- 
tios with the [O III] A5007 and Ha+[N II] photometry 
of Paper I to gain some insight into the question of the 
PN population's homogeneity. Specifically, we can use 
our data to estimate circumstellar extinction, and probe 
the uniformity of the PN population as a function of 
absolute magnitude. A PN whose central star is intrin- 
sically faint can have two possible progenitors: it can 
be a high core-mass, faded remnant that was once at the 
bright-end cutoff of the PN luminosity function, or it can 
be a lower-mass star which is just now attaining maxi- 
mum brightness. In theory, these two scenarios make dif- 
ferent predictions about the behavior of the AGB dust 
envelope. In the case of a high-mass star, the circum- 
stellar extinction should remain roughly constant, since 
the timescale for central star evolution is much shorter 
than that for nebular expansion. However, for lower- 
mass stars, the slower evolutionary timescales allow dust 
to dissipate and produce systematically less extinction. 
By measuring the Balmer decrements in a sample of plan- 
etary nebulae of varying brightnesses, it may be possible 
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to perform a global test of the PN population. Note that 
this type of analysis can only be performed on a sample 
of extragalactic PNe, since in the Galaxy, the uncertain- 
ties associated with distance and foreground reddening 
overwhelm all other aspects of the analysis. 

The key to performing this experiment is to have well- 
determined estimates of H/3 relative to [O III] A5007. 
As Fig. [5] illustrates, such data are not easy to ob- 
tain: in our sample of galaxies, only M94 has a suf- 
ficient number of high quality measurements. To this 
sample, we can add in the PNe of M33, which have pho - 
tometry and spectroscopy from ICiardullo et al.1 (|2004j ) , 
and the LMC, whe re spectros copic and photometric data 
are available from iMeatherin gham & Dopita (1991a,l^), 
IVassiliadis et all (11992^ and iJacobv et all (|199aV We 
then estimate each PN's Balmer decrement: for M94 
PNe, we simply measure the ratio of H/3 to [O III] A50G7 
on our spectra, and then scale these values to Ha using 
our absolute [O III] and Ha-|-[N II] photometry. Such a 
procedure neglects the contribution of the nitrogen lines, 
but since the stronger of these lines, [N II] A6584, falls 
on the wings of the narrow-band filter's bandpass (where 
the transmission is '^1/4 maximum), this is not a serious 
problem. In the case of M33 and the LMC, where the 
spectral region about Ha is directly observed, we mimic 
our M94 data by including [N II] A6548 and one quarter 
of [N II] A6584 in our estimate of Ha. We then compute 
the logarithmic H/3 extinction for each planetary, using 
our faux Ha/ H/3 ratio, an assume d intrinsic decrement 
of 2.86, and a lCardelh et~all (|1989^ reddening law. 

The results of this analysis are shown in Figure[Sl From 
the figure, it is clear that the mean circumstellar extinc- 
tion for PNe in M94 is roughly the same as that observed 
in M33 and the LMC, i.e., E{B ~ V) ^ 0.2. This is a 
somewhat surprising result: one might reasonably expect 
the PNe formed from the metal-poor stars of the LMC 
to have systematically less dust. This does not appear 
to be the case. More importantly, the data show no ev- 
idence for a gradient in extinction with absolute [O III] 
magnitude. Note that, as one goes down the luminosity 
function, [N II] increases in importance. So, if nitro- 
gen emission were contaminating our analysis, we would 
expect to see an inverse correlation between estimated 
extinction and absolute magnitude. But the data show 
no significant trend at all; this argues against any large 
change in stellar population with absolute [O III] magni- 
tude. Formally, our results are consistent with most of 
the PNe in our sample beginning as high core-mass stars 
before fading. However, considering the scatter in the 
data and the uncertainties, our results only weakly sup- 
port this conclusion. Small population differences could 
also be consistent with our results. 

8. CONCLUSIONS 

In Paper I and in 'Feld meier et al.l (|1997f ) we identi- 
fied 774 planetary nebula candidates in five nearby, low- 
inchnation galaxies: IC 342, M74, M83, M94, and MIDI. 
We now have spectroscopic confirmations for over 600 of 
the PNe, with 538 having been measured to better than 
15 km precision. Of the remaining ~160 objects, 
most were either not targeted for spectroscopy (due to 
fiber positioning constraints) or too faint to be detected 
with our spectrographs. We can now use these data to 
investigate the kinematic structure of the galaxies' disks 
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Fig. 6. — Balmer-decrement based estimated values, c', for the 
logarithmic extinction at H/3 for PNe in the LMC, M33, and M94, 
as a function of [O III] A5007 absolute magnitude. These values 
are slightly overestimated, since Ha is partially contaminated by 
emission from [N II] . Spectroscopically derived values of c (without 
the [N II] adjustment) in the Magellanic Cloud are shown as gray 
circles. Note the general agreement between galaxies; there is no 
evidence for an extinction dependence on metallicity, nor is there 
any significant trend with absolute magnitude. 



TABLE 6 

NGC 5068 Planetary Nebula Candidates 



ID 


0(2000) 


5(2000) 


^5007 


R 




NGC 5068-1 


13:18:59.79 


-21:00:07.5 


24.85 


2.32 


0.21 


NGC 5068-2 


13:19:03.17 


-21:01:59.3 


24.94 


3.76 


0.61 


NGC 5068-3 


13:18:51.10 


-21:04:24.9 


24.97 


2.29 


0.21 


NGC 5068-4 


13:18:47.30 


-21:02:49.7 


25.04 


1.70 


0.16 


NGC 5068-5 


13:19:01.06 


-21:00:49.8 


25.07 


1.61 


0.11 


NGC 5068-6 


13:19:02.99 


-21:02:10.8 


25.13 


1.87 


0.24 


NGC 5068-7 


13:18:48.73 


-21:00:09.3 


25.28 


2.29 


0.33 


NGC 5068-8 


13:19:11.11 


-20:59:57.5 


25.30 


3.18 


0.39 


NGC 5068-9 


13:18:57.66 


-21:05:44.5 


25.32 


1.76 


0.20 


NGC 5068-10 


13:19:01.92 


-21:01:35.9 


25.40 


1.65 


0.17 


NGC 5068-11 


13:18:49.66 


-21:04:20.1 


25.40 


> 1.69 




NGC 5068-12 


13:18:53.90 


-21:00:56.9 


25.41 


1.80 


0.43 


NGC 5068-13 


13:18:53.41 


-20:59:59.2 


25.49 


1.66 


0.25 


NGC 5068-14 


13:18:44.62 


-21:00:01.8 


25.50 


1.54 


0.15 


NGC 5068-15 


13:18:47.50 


-21:01:01.2 


25.57 


1.18 


0.10 


NGC 5068-16 


13:19:01.00 


-21:03:40.2 


25.96 


1.26 


0.21 


NGC 5068-17 


13:18:53.33 


-20:59:51.9 


25.98 


0.83 


0.11 


NGC 5068-18 


13:18:42.89 


-21:03:04.2 


26.02 


0.91 


0.16 


NGC 5068-19 


13:18:53.26 


-20:59:18.3 


26.11 


1.07 


0.16 



and, for the first time, dynamically measure disk mass-to- 
light ratios throughout the body of large spiral galaxies. 
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TABLE 7 

NGC 6946 Planetary Nebula Candidates 



ID «(2000) 5(2000) m^oor R 



NGC 


6946- 


-1 


20: 


;34: 


:39. 


.26 


+60: 


04: 


;44 


.7 


25. 


.61 


> 





.90 


NGC 


6946- 


-2 


20: 


;35: 


;25. 


,42 


+60: 


08 


:37, 


.6 


25. 


.72 


> 


1 


.16 


NGC 


6946- 


-3 


20: 


;34: 


:57. 


.58 


+60: 


08 


:11 


.4 


25. 


.72 


> 


1 


.01 


NGC 


6946- 


-4 


20: 


;34: 


;26, 


,31 


+60: 


07: 


;38 


.2 


25, 


.76 


> 


1 


.76 


NGC 


6946- 


-5 


20: 


;35: 


:18. 


.35 


+60: 


07: 


;29 


.4 


25. 


.79 


> 





.91 


NGC 


6946- 


-6 


20: 


;34: 


;21, 


.94 


+60: 


07: 


;30 


.1 


25. 


.79 


> 





.95 




6946- 


-7 


20: 


;34: 


:56. 


.08 


+60: 


06 


:36 


.4 


25. 


.80 


> 





.91 


NGC 


6946- 


-8 


20: 


;34: 


;40. 


.98 


+60: 


04: 


;41 


.5 


25. 


.81 


> 





.90 


NGC 


6946- 


-9 


20: 


;35: 


:05. 


.18 


+60: 


12 


;26 


.9 


25. 


.87 


> 


2 


.55 


NGC 


6946- 


-10 


20: 


:34: 


;33. 


.63 


+60: 


05 


;22 


.6 


25. 


.89 


> 


2 


.75 




6946- 


-11 


20: 


:34: 


:21, 


.69 


+60: 


11 


:47 


.3 


25. 


.91 


> 


1 


.44 


NGC 


6946- 


-12 


20: 


;35: 


;06. 


.80 


+60: 


;10: 


:14 


.7 


25. 


.95 


> 


1 


.20 


JNGC 


6946- 


■13 


20: 


;35; 


;33. 


.83 


+60; 


:11: 


;53. 


.1 


25. 


.96 


> 





.86 


JNGC 


6946- 


■14 


20: 


;34; 


;35. 


.39 


+60; 


:05: 


;00. 


.5 


25. 


.96 


> 


1 


.35 


JNGC 


6946- 


■15 


20: 


;35; 


;06. 


.52 


+60; 


;12: 


;49, 


.5 


25. 


.98 


> 


1 


.66 




6946- 


■16 


20: 


;34; 


;38. 




+60; 


:Uo: 


:31. 


.9 


25. 


.99 


> 





.16 


NGC 


6946- 


■17 


20: 


;34; 


:24. 


.38 


+60; 


:06: 


;16, 


.9 


26. 


.01 


> 





.74 


NGC 


6946- 


■18 


20: 


;34; 


;43. 


.52 


+60; 


;07: 


:51 


.9 


26, 


.01 


> 


1 


.58 


NGC 


6946- 


-19 


20: 


:34: 


:31. 


.10 


+60: 


:05 


:59 


.7 


26. 


.03 


> 





.72 


NGC 


6946- 


-20 


20: 


:34: 


;17. 


.78 


+60: 


09 


;42 


.2 


26, 


.04 


> 


1 


.04 


NGC 


6946- 


-21 


20: 


:35: 


:00. 


.52 


+60: 


:08 


;58 


.5 


26, 


.05 


> 





.68 


NGC 


6946- 


-22 


20: 


;35: 


;01, 


.74 


+60: 


:07: 


:31 


.3 


26, 


.11 


> 


1 


.33 


NGC 


6946- 


-23 


20: 


:34: 


:38. 


.03 


+60: 


07: 


;33 


.3 


26, 


.11 


> 


1 


.28 


NGC 


6946- 


-24 


20: 


:34: 


;37. 


.65 


+60: 


11 


;56 


.4 


26, 


.11 


> 





.94 


NGC 


6946- 


-25 


20: 


:35: 


:13. 


.96 


+60: 


11 


;37, 


.0 


26, 


.12 


> 


1 


.12 


NGC 


6946- 


-26 


20: 


:34: 


;33. 


.41 


+60: 


10: 


;41 


.2 


26, 


.14 


> 


1 


.01 


NGC 


6946- 


-27 


20: 


:35: 


:21, 


.04 


+60: 


04: 


;42 


.8 


26, 


.15 


> 


1 


.17 


NGC 


6946- 


-28 


20: 


:35: 


;18. 


.84 


+60: 


11 


;40 


.2 


26, 


.15 


> 


1 


.12 


NGC 


6946- 


-29 


20: 


;35: 


:20. 


.54 


+60: 


:13 


;56 


.0 


26, 


.15 


> 





.72 


JNGC 


6946- 


■30 


20: 


;35; 


;20. 


.18 


+60; 


:05: 


;05. 


.1 


26, 


.16 


> 





.71 


JNGC 


6946- 


■31 


20: 


;34; 


;17. 


.43 


+60; 


:10: 


;48. 


.8 


26, 


.17 


> 


1 


.02 


MO O 

JNGC 


6946- 


■32 


20; 


;34; 


;57. 


.31 


+60; 


;07: 


;16 


.2 


26, 


.18 


> 





.66 


NGC 


6946- 


■33 


20; 


;34; 


;47. 


.16 


+60; 


:09: 


;06, 


.1 


26, 


.19 


> 


1 


.00 


NGC 


6946- 


■34 


20; 


;34; 


;37. 


.06 


+60; 


:10: 


:26, 


.0 


26, 


.21 


> 





.65 


MO O 


6946- 


■35 


20; 


;34; 


:27. 


.87 


+60; 


;06: 


:11 


.1 


26, 


.21 


> 


1 


.04 


NGC 


6946- 


-36 


20: 


:35: 


;18. 


.87 


+60: 


:07: 


;17, 


.8 


26, 


.22 


> 


1 


.20 


NGC 


6946- 


-37 


20: 


:34: 


:54, 


.98 


+60: 


14: 


;03 


.3 


26, 


.23 


> 


1 


.74 


NGC 


6946- 


-38 


20: 


:34: 


;32, 


.68 


+60: 


10: 


;42 


.3 


26, 


.25 


> 





.48 


NGC 


6946- 


-39 


20: 


:34: 


:30. 


.10 


+60: 


07: 


:36 


.5 


26, 


.25 


> 





.63 




6946- 


-40 


20: 


:34: 


At. 


1 "7 
.1 / 


+60: 


08 


;25 


.8 


26, 


.26 


> 





.56 




6946- 


-41 


20: 


:35: 


;30. 


.19 


+60: 


10 


;44 


.5 


26, 


.29 


> 


1 


.14 


NGC 


6946- 


-42 


20: 


:35: 


:07. 


.16 


+60: 


05 


;33 


.0 


26, 


.29 


> 





.69 


NGC 


6946- 


-43 


20: 


;34: 


;27. 


.10 


+60: 


09 


;49 


.0 


26, 


.31 


> 


1 


.43 


NGC 


6946- 


-44 


20: 


:34: 


:44, 


.20 


+60: 


:09 


:38 


.5 


26, 


.33 


> 





.76 


MOO 


6946- 


-45 


20: 


:35: 


;28. 


.44 


+60: 


:04 


;48 


.0 


26, 


Q'7 


> 


1 


.59 


NGC 


6946- 


-46 


20: 


;34: 


;37. 


.18 


+60; 


;06: 


;26 


.4 


26, 


.37 


> 





.85 


NGC 


6946- 


■47 


20: 


:35: 


:23. 


.43 


+60; 


;10: 


:24 


.9 


26, 


.38 


> 





.70 


NGC 


6946- 


■48 


20; 


:35: 


:26. 


.51 


+60; 


:13: 


:45 


.2 


26, 


.40 


> 


1 


.80 


NGC 


6946- 


■49 


20; 


;35; 


;11. 


.05 


+60; 


:09: 


;58, 


.0 


26, 


.44 


> 


2 


.10 


MO O 


6946- 


■50 


20; 


;35; 


;22. 


.40 


+60; 


:10: 


;56. 


.1 


26, 


.47 


> 





.56 


MO O 


6946- 


■51 


20; 


;35; 


;19. 


.32 


+60; 


:10: 


;29, 


.3 


26, 


.50 


> 





.55 


MO O 


6946- 


■52 


20; 


;35; 


;12. 


.56 


+60; 


:11: 
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